We designed a school-based, nationwide program called the 'New Era in Eye Health' to strengthen teacher training and to examine whether the existence of a government vision care policy influenced teachers' vision care knowledge and students' behavior. Baseline data and 3-month follow-up data were compared. A random sample of teachers (n ¼ 660) from school vision health clusters in 22 cities/ counties in Taiwan were invited to participate in our study and 436 agreed to participate (response rate ¼ 66.1%). The mean age of participant teachers was 41.2 years, while the length of service mean was 14.6 years. For monitoring teacher outcomes, five cities/counties were selected as the intensely monitored group based on certain criteria. Sunlight diaries (n ¼ 5434) were distributed and 3342 (61.5%) were returned. Teachers showed significant improvements in knowledge and behavior on the school vision health questionnaire. At the 3-month follow-up, the number of recesses as recorded by students' 'sunlight diary' increased. When teachers had better knowledge and behavior, recesses also increased. This study provided valuable insights to guide dissemination efforts for school vision health interventions and to help teachers implement research into their school vision health activities.
Introduction
The Universal Eye Health Global Action Plan by the World Health Organization reported that 80% of all visual impairment causes are preventable or curable. Globally, 12.8 million children aged 5-15 years are visually impaired due to uncorrected refractive errors [1] . In mainland China [2] , Taiwan [3] and Japan [4] , myopic retinopathy is the second leading cause of blindness among adults. In general, myopia has become an important cause of vision loss worldwide, as pathologic myopia affects up to 3% of the global population [5] .
In Taiwan, the high prevalence of school myopia reported by the nationwide epidemiological results of 12-year-old children with developed myopia in 1983 and 1995 and 7-and 8-year-old children in 2010 has attracted the attention of school and public health authorities [6] . Sixteen percent of children enrolled in a longitudinal study developed myopia during their school years [7] . Recently, a citywide, populationbased cohort study for grade 2 schoolchildren in Taipei revealed that 1856 (25.2%) participants with incident myopia were identified [8] . A progressive increase in myopia prevalence would result in extensive social and economic consequences [9] . Although a high prevalence of myopia has been revealed by the governments of Taiwan and Singapore, the general public has minimal knowledge concerning myopia's long-term consequences and believes that myopia is treatable with refraction [10, 11] . The common pubic recognition in Taiwan was that myopia was easily correctable with spectacles, contact lenses or refractive surgery and could lead to the ignoring of myopia prevention and adopting prevention strategy [12, 13] .
Although the mechanism for the onset and development of childhood myopia is complex, epidemiological studies have indicated that environmental factors play a significant role in causing myopia [14] [15] [16] . Prolonged 'near work' is a preventable causal factor for myopia development and progression because of excess lens accommodation and its influence on the eye's axial diameter growth [15, [17] [18] [19] . Furthermore, recent epidemiological study has demonstrated that increasing time spent outdoors could protect against the development of myopia, and minimizes the increased risk of myopia associated with near work or with having myopic parents because sunlight stimulates dopamine release to inhibit axial growth and also interrupts near work during outdoor activities [20] .
From the perspective of myopia prevention, a school-based program may create a protective environment to decrease the risk of excessive near work for students, particularly if it gives children more time to play outside in bright, myopia-protective light, and particularly during the crucial school years [21] . Two recent programs have shown significant delays to the onset of myopia by increasing the amount of time that children spend outside at school. The first, revealed a lower rate of significant myopic shift in a 1-year follow-up for interventions that encouraged children to go outside for outdoor activities during recess compared with no special programs during recess [22] . The second, revealed that the addition of 40 min of outdoor activity at school compared with usual activity resulted in a reduced incidence rate of myopia over the next 3 years [23] .
In Taiwan, schools typically begin at 7:40 a.m. and finish at 4 p.m.; therefore, school occurs during the time when students can be exposed to natural light outdoors. Teachers play key roles as gatekeepers in encouraging students to engage in outdoor activities during school time [24] . Studies have shown that teachers who have proper training related to vision health are able to develop practical skills such as recognizing 'signs' and 'symptoms of possible vision problems', correcting postural errors and the early detection of vision deficits in schoolchildren [25] [26] [27] .
Global myopia prevention policies
Singapore's Health Promotion Board initiated the National Myopia Prevention Program in 2012. It integrated governmental organizations, ophthalmic centers, research centers, and medical institutes, using a combination of strategies such as planning good eye-use habits in schools, curriculum changes, increased outdoor activities, and reduced eye-use duration for close work. In addition, regular annual vision screenings and cohort analyses were conducted at eye research institutions in Singapore [28] . In 2008, China's Ministry of Education formulated a project for preventing myopia in elementary and high school students; it developed preventive strategies based on three aspects: academics, duration of physical fitness classes, and school environment. Vision acuity tests were conducted for students in every school term and cases of worsened vision acuity were managed accordingly [29, 30] . In Hong Kong, hospitals or health centers are responsible for the promotion of myopia prevention in schools and conducting screenings in the community [31] . Asian countries with high myopia prevalence have established vision health policies and focused on epidemiological survey and early screening for children. Nevertheless, implementation of visual health programs in schools through empowering the educational system is rarely mentioned in the literature. The aim of this study was to examine whether the existence of a government vision care policy influenced teachers' vision care knowledge and students' behavior.
Materials and methods
We designed a school-based, nationwide program called the 'New Era in Eye Health' (NEEH) to strengthen teacher training and to examine whether L. C. Chang et al.
the existence of a government vision care policy influenced teachers' vision care knowledge and students' behavior. A program evaluation survey was conducted in this study. The data were collected in January 2012 as baseline and first-year-follow-up was conducted in 2013.
Participants
To strictly monitor and manage the 22 cities/counties experiencing a high prevalence of visual impairment among primary school students, five cities/counties were selected as an intensely monitored (IM) group that met three of the four criteria: (i) the increasing trend in abnormal visual acuity rate during the past 3 years, (ii) higher than the nationwide average abnormal visual acuity rate, (iii) accelerating rate of increase in abnormal visual acuity rate in the past 3 years or (iv) abnormal visual acuity rate within the top five ranks. Five school vision health clusters in each city/county were also selected per the same criteria. School clusters in these cities/counties were administratively instructed to implement evidencebased action plans systematically and provide their formative outcomes and measurement data to the government periodically.
We randomly selected five school vision health clusters in 22 cities/counties. Teachers were randomly selected from each class and grade from the selected schools. Six-hundred sixty teachers from 110 schools were recruited and completed the baseline survey. However, only 436 of them returned the baseline questionnaire due to job transfers, reluctance to reply, or no contact (response rate ¼ 66.1%). The IM group had 235 (53.9%) teachers. For those teachers in the IM group, 5434 student's data who were in their classes were distributed and 3342 (61.5%) were returned.
Interventions

Evidence-based school vision health program in Taiwan
To combat the increasing prevalence of school myopia, the 'NEEH' program funded by Taiwan's Ministry of Education established a 'School Vision Health Strategic Advisory Committee', involving 22 experts in school health, childhood myopia, and public health and education areas [32] . The committee assisted 22 Taiwanese counties to strengthen their outdoor activity strategy at schools. The aim of this program was to prevent the early onset and rapid progression of myopia among primary school children, including increasing the amount of time children spend outdoors at school. Three components were emphasized in this meeting as follows.
Strengthen the evidence-based action plan
The key value of the school vision health program in this study was evidence-based practice. Effective evidence-based strategies were translated into training courses empowering school staff (e.g. health section chiefs, teachers, or school nurses). The behavioral indicators (e.g. the hours of outdoor activities or take a 10-min break every 30 min after reading at a close distance) of evidence-based practice were used as outcome performance evaluations in each school. Continuing the increasing trend of health promotion action research within schools, measurement tools (e.g. children's self-rated sheets), and data analysis procedures were provided; thereby, schools could formulate an evidence-based action plan, scientifically monitor the process, and modify the program continuously.
Empower teachers and increase their involvement
A 6-h teachers' training course developed jointly by ophthalmologists, education experts, and school health experts in school vision health was conducted (Table I ). Teachers were trained by a consulting team. The steps to empower teachers were education, identification of myopia problems and provision of successful pedagogical practice, and teaching resources toward myopia. In topic 1, the ophthalmologist was invited by the team to provide a lecture related to how the 'near work' would develop the early onset myopia among children and to raise the awareness of teachers who could play the key roles in prevention of early onset myopia in Vision health program school. In topic 2, the team and teachers collaboratively analyzed the difficulties in implementing vision health program and identify individual problems in specific situation at schools. Successful experiences based on effective evidence-proven strategies in schools were provided in teachers' training. For example, teachers could arrange outdoor activities as a learning activity in various curricula, assign outdoor homework rather than 'paper' and 'pencil tasks' and increase opportunities for children's exposure to sunlight in and after schools. Finally, topic 3 was to empower teachers to adopt a learned strategy to help their students perform eye care behaviors such as encouraging students to leave the classroom at recess time and take a 10-min rest after 30-min of near-distance work. We provided teachers with tools for the teaching materials and for monitoring implementation outcomes. The pre-post-comparisons of children's outdoor duration and behavior of interruption of near work were analyzed. Teachers could adjust the curricula and pedagogical practices based on the pre-and post-data analysis results.
Assistance from the consulting team
Sixteen consultants with school health promotion experience were recruited for this program. Consultants were trained twice (i.e. before and during program execution). During the initial training, consultants became familiar with the evidence-oriented approaches framework in school vision health and health education in this program. During the second training, consultants shared their experiences in helping schools and highlighted successful cases. They aided schoolteachers in various ways such as helping with lectures or meetings or answering questions via telephone, e-mail or face-to-face.
Measures
As there was no instrument available for the measurement of vision health behaviors of teachers, we 
School vision health-related knowledge
The knowledge items were developed consistent with core concepts of the 'NEEH' program [32] . Concepts were derived from significant results of evidence-based research and decided by a committee. Knowledge was measured using nine items including strategies to prevent children's myopia, school eye screening, myopia treatment, and myopia-associated pathological complications. True/false responses were used for the knowledge scale and the score was calculated for each correct answer.
School vision health-related behavior
Behavioral items were developed consistent with effective strategies in the 'NEEH' program, and adopted by teachers to help children prevent myopia. Behavior was measured using nine items including encouraging students to leave classrooms at recess time, involving outdoor activities in class, interruption reading, etc. A five-point Likert-type scale was used for the behavior scale from 'never' (1) to 'always' (5).
Participants' background variables and characteristics
The background variables in this study included school location (urban versus rural school) and size (bigger versus smaller). Participant teachers' characteristics obtained included age, sex, length of service in a school setting, and school position (teacher or health section chief).
Sunlight diary
The sunlight diary was developed from the NEEH program and served as a monitoring record for students' outdoor recess (Supplementary Appendix S1). It was evaluated by the committee and a group of experts comprising school health educators, ophthalmologists, school principals, and school nurses. In Taiwan, students have different schedules depending on their grade (Table II) . Whole-day courses run from 8 a.m. to 4 p.m., and apart from lunch break, students have six times for class recess. Half-day courses run from 8 a.m. to 12 p.m. and have three times for class recess. The duration of each recess is 10 min. Every class recess was recorded and analyzed. Teachers explained the record and asked students to color in the 'sun' in the sunlight diary when they spent every recess outside of their classroom. Teachers observed recess outside and reminded students to record correctly. The sunlight diary was attached to the parent-teacher communication log every Monday for a week and was collected by 
Ethical considerations
The Chang Gung Medical Foundation Institutional Review Board (104-3621B) granted ethical approval for this study.
Data analysis
The Statistical Package for the Social Sciences 17.0 software (SPSS Inc, Chicago, IL) was used to perform statistical analysis. Frequencies and descriptive statistics were calculated for all variables. An independent t test and chi-square test were performed to investigate the difference between teachers who were from urban and rural schools. A paired t test was performed to compare the baseline data and 3-month follow-up difference in school vision health-related knowledge and behavior scores. A multiple linear regression model was conducted to examine the relationship among school factors, knowledge and behaviors scores of teachers, and class recesses.
Results
School and participant characteristics
As shown in Table III , more than half of the participant teachers were female. The mean age of participant teachers was 41.2 years, while the length of service mean was 14.6 years. These teachers' main positions were schoolteachers. Most of them were primary school teachers from relatively smaller schools.
Changes in knowledge and behavior of vision care for students
There was no significant difference in school vision health-related knowledge and behaviors between teachers who were from urban and rural schools.
All teachers were pooled to analyze association between the change of knowledge and behaviors and numbers of class recess. As shown in Table IV , compared with the baseline data, all teachers showed significant post-improvements in their overall school vision health-related knowledge and behavior at the 3-month follow-up. Those in the IM group showed significant improvements in knowledge, especially on items K2 (laser surgery), K5 (pseudomyopia), K8 (cycloplegic refraction) and K9 (visual acuity test in school). Item B3 (interruption reading), B6 (involve outdoor activities), B7 (teach vision health), B8 (communicate with parents), and B9 (arrange appropriate class activities) were significantly improved behaviors in the IM group.
The relationship between teacher change and class recess
For those teachers in the IM group, 3342 sunlight dietaries were returned (Table V) . After a 3-month teacher training course, class recess times increased. Note: A paired t test was conducted; *P < 0.05, **P < 0.01, ***P < 0.001. SD, standard deviation; IM, intensely monitored.
Vision health program
Students in different grades had different times for class recess. When teachers had better knowledge and behavior for curtained items, students were more likely go outside for recess. The average of numbers for class recess significantly increased from the first to the second grade (15.47-16.78, P < 0.01) and from the third to the fourth grade (19.12-21 .56, P < 0.05). In addition, when teachers had better knowledge and behavior on the item K2 (laser surgery, OR ¼ 2.00, 95% CI ¼ 0.39-0.78) and B6 (involve outdoor activities, OR ¼ 1.71, 95% CI ¼ 1.82-5.21) students in grades 5 and 6 more likely go outside for recess. In addition to teachers affecting children's behaviors, visual screening data, which was uploaded by each school, was obtained from the Ministry of Education database.
Discussion
As teachers importantly worked to develop health skills for students [33] , we demonstrated the effects of the nationwide 'NEEH' program. Although the study was based in Taiwan and focused on a school setting, we believe that our teacher outcome observations could be applied to other countries and settings. Over the past 30 years, strategies such as increasing light meters, changing desks and chairs, and the 20-20-20 rule interruption of near work have been adopted by the Ministry of Education in Taiwan [34, 35] ; however, the prevalence of myopia is still increasing [34] . For this reason, in the 'NEEH' program, we provided evidence-based literature for IM group teachers to increase their understanding of myopia as a disease and to foster the awareness of teachers' roles in preventing early onset myopia to help increase class recess times for students.
Translating the evidence into the program through a teacher training and support process was a critical strategy to ensure initiative sustainability [36] . When excessive school educational loads in China increased the risk of myopia onset, it was beneficial for teachers to know the preventive benefits of school myopia and encourage students to engage in outdoor activities during class recess for a successful school health program. Studies in China such as He et al. [21] and Jin et al. [37] designed additional afterschool outdoor activities and made participation compulsory for each student. Ngo et al. [38] in Singapore adopted a weekend outdoor program with incentivebased strategies among children in a 9-month cluster randomized controlled trial. Although these studies indicated significant outcomes in preventing myopia among schoolchildren, a 'longitudinal' study on the effects of additional after-school outdoor activities was lacking. We gained a better understanding of myopia from examining teachers' change in vision health knowledge and behavior in this study, as well as involving outdoor activities in teaching strategies and curricula. It was encouraging that teachers in the IM group empowered communication with parents, adjusted curriculum for high-risk students, and utilized outdoor activities with their classes. Moreover, the amount of recess time also increased. This finding is consistent with the study of Taiwan health promoting schools that reconciled administrative and grassroots approaches based on the evidence-based health promoting schools model as a comprehensive framework for a successful and sustainable approach in Taiwanese school health [39] .
This evidence could assist the government in developing accurate decisions to manage health issues, support teachers' adjustment of their pedagogical practices regarding specific issue, and promote students' healthy behavior [36] . We presented an education-embedded program in Taiwan that increased the time students spent on outdoor activities in schools by integrating outdoor classes in ordinary courses to increase the number of hours spent on outdoor activities and facilitate the implementation of outdoor recess. Moreover, after 1-year follow-up in 2013, visual screening data which was uploaded by each school was obtained from the Ministry of Education database. For children aged 4 years, the accuracy of uncorrected visual acuity 0.75 (Snellen equivalent) was the best referral criteria, and for children aged 5 was 0.85, respectively [40] . Thus, Ministry of Education in Taiwan sets the referral criteria of poor visual acuity for uncorrected refractive errors 0.8. The rate of poor visual acuity in IM group revealed the positive impact of schooloriented program to strengthen teachers' abilities on the delaying early onset myopia in Taiwan.
This study had some limitations. First, only six teachers were randomly selected from each school and about 40% of the participants did not return the questionnaire at the follow-up survey. The potential biases from selection and refusal to participate must be considered. Second, the measurement of teachers' knowledge and behavior in this study may play a mediating role in student vision health. Moreover, to confirm that the educational strategy influences reducing myopia progression, cycloplegic autorefraction data requires collection. However, this is difficult to perform in large-scale health promotion programs at schools. A randomized control experimental study is recommended in the future. Furthermore, how training teachers to design curricula and classroom rules can deter students' myopia in schools requires examination. Last, this study was a comparison between baseline and 3-month followup that demonstrated teachers' changes over a short intervention period. Longitudinal and a follow-up study design that involve collecting cycloplegic autorefraction data are recommended in further studies.
Conclusion
School vision health programs via evidence-based approaches demonstrated positive results in teachers. Regardless of whether schools were IM, all teachers improved their school vision health-related behaviors and increased recess time. This program provided valuable insights to guide dissemination efforts for school vision health interventions and to help teachers implement research into their school vision health activities. The policy-based program can provide a reference for education policy among other Chinese communities to reduce the incidence rate of myopia.
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